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LIQUID CRYSTAL POLYMER ENCAPSULANT 
Related Applications 

5 This application claims the benefit of U.S. Provisional Patent 

Application Serial No. 60/092,347, filed July 10, 1998. 

Field of the Invention 

The invention relates to molding compounds useful for encapsulating 
10 electrical and electronic components. More particularly, the invention relates 
to thermoplastic molding compounds capable of carrying relatively high 
fractions of filler material. 

Background of the Invention 

15 Materials used to encapsulated electrical and electronic components 

such as semiconductors typically have been thermosetting in nature. 
Typically these compounds are comprised of one or more epoxy 
thermosetting resins, a substantial weight fraction of an inert filler material 
such as silica, and a variety of additives such as catalysts, hardeners, 

20 coupling agents, and release agents. Such compounds generally are well- 
suited for use as encapsulants as the compounds have relatively low melt 
viscosities that allow heated, uncured compound to flow around a device's 
connecting wires such as the 1 to 3 micron wires used in semiconductor 
leadframes prior to completion of the thermosetting process, and because the 

25 relatively high weight fraction of inert filler provides for a low coefficient of 
thermal expansion of the molded device. 

Liquid crystalline polymers, or "LCPs" possess very low melt viscosities 
when compared to thermoplastics, and therefore are thought to be useful in 
molding compounds. LCP compounds are characterized by their ability to be 

30 processed in an anisotropic melt phase. Unfortunately, LCP encapsulants 
require relatively high amounts of filler to provide acceptable moisture uptake 

1 
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and thermaf expansion performance. When inert "filler materials are added to 
LCPs for use. iff* encapsulation applications, the low viscosity of the LCP ^ 
deteriorates with increasing filler loading. At loadings as low as about 30 
weight percent, the viscosity of the compound increases to the point where 
5 the compound shifts or displaces connecting wires for the device, resulting in 

the phenomena known as "wire sweep." Because LCP encapsulants 

** 

generally are believed to require greater than 30 weight percent of filler to 
obtain adequate thermal and moisture uptake performance, and because 
such filler loadings result in viscosity increases and unacceptable wire sweep 
10 performance, LCPs are not typically used in electronic molding compounds. 

What is needed is a way to obtain the moisture uptake and thermal 
expansion performance of an LCP based encapsulant while . minimizing 
viscosity increases that cause increased wire sweep. 

15 Summary of the Invention 

We have found that the wire sweep performance of certain LCP-based 
encapsulant compounds can be enhanced by coating fillers used in the 
compounds with certain silane coupling agents. In our preferred LCP-based 
compounds, the viscosity can be reduced by factors of 10 to 25 by using 

20 appropriate non-polar silane coupling agents. 

Detailed Description of the Invention 

The following discussion of a preferred embodiment of our invention ' 
illustrates how a particular LCP and silane coupling agents can be selected to 
25 produce an LCP based encapsulant having good thermal expansion, 
moisture resistance, adhesion and wire sweep properties. 

A polyester-based liquid crystal polymer resin was used as the base 
resin for the encapsulants of the following Examples. The polymer used 
comprised approximately 7 mole percent hydroquinone, 10 mole percent 
30 purified isophthalic acid, 10 mole percent purified terephthalic acid, 60 mole 

"V 

percent parahydroxybenzoic acid, and 13 mole percent 4, 4' biphenyldiol. 

• " -•" 
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The polymer exhibited a melting point of approximately 300 degrees 
Centigrade. 

Coupling agents used to coat fillers were pre-reacted to the fillers and 
dried prior to compounding at a loading of 0.5 weight percent coupling agent 
5 calculated on the basis of filler weight. Molding formulations were then 
prepared by compounding on a 25 millimeter Berstorff co-rotating, meshing 
twin screw extruder. Compounded formulations were dried in a 100 degree 
Centigrade forced air drying prior to molding, and molding of samples was 
accomplished on a 55 ton Toyo injection molding machine using a three plate 

10 mold having two fill gates, one located top dead center on the die, and the 
other located bottom dead center on the die. 

In the following Examples 1-6, the effect of various coupling agents on 
melt viscosity was determined. The formulations were compounded as 
described above, and the viscosity of the melted compounds measured. 

15 Viscosity measurements were made using a Rheometrics RDA II viscometer, 
using a 60 millimeter cone and plate at 330 degrees Centigrade and at a 
frequency of 100 rad/second. 

Example 1 

./ •» - 

The formulation tested was unfilled LCP as described above. The 
20 measured melt viscosity was 0.2 Pascal-seconds. 

Example 2 

The formulation tested was LCP filled with 50 weight percent of Denka 
FB-74 spherical silica filler having an average particle size of about 35 
microns. The filler was uncoated. The measured melt viscosity was about 48 
25 Pascal-seconds. 

Example 3 

The formulation tested was LCP filled with 50 weight percent of Denka 
FB-74 spherical silica filler having an average particle size of about 35 
microns. The silica filler was coated and dried as described above using a 
30 tri(2-methoxyethoxy) vinylsilane coupling agent available as Silquest A-172 
from the Whitco Corporation of Tarrytown, New York. The measured melt 
viscosity was about 1 Pascal-second. 

3 
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Example 4 * * 

The formulation. tested was LCP filled with 50 weight percept of Denka. 
FB-74 spherical silica filler having an average particle size of^ about 35 
microns. The silica filler was coated and dried as described above using a 3- 
5 glycidyloxypropyltrimethoxysilane coupling agent available as Silquest A-187 
from the Whitco Corporation of Tarrytown, New York. The measured rnelfl 
viscosity was about 14 Pascal-second. 

Example 5 

The formulation tested was LCP filled with 50 weight percent of Denka 

10 FB-74 spherical silica filler having an average particle size of about 35 
microns. The silica filler was coated and dried as described above using a 3- 
aminopropyltriethoxysilane coupling agent available as Silquest A-1100 from 
the Whitco Corporation of Tarrytown, New York. The measured melt 
viscosity was about 6 Pascal-second. 

15 Example 6 

The formulation tested was LCP filled with 50 weight percent of Denka 
FB-74 spherical silica filler having an average particle size of about 35 
microns. The silica filler was coated and dried as described above using a 
trimethoxymethylsilane coupling agent available as Silquest A-1630 from the 

20 Whitco Corporation of Tarrytown, New York. The measured melt viscosity 
was about 2 Pascal-seconds. 

As can be seen from Examples 2, 3, 4, 5 and 6, the use of silane 
coated silica coupling agents resulted in melt viscosities of up to almost 50 
times when compared formulations using uncoated silica fillers. 

25 Adhesion of any encapsulant to a substrate is of critical importance for 

any molding compound. The adhesion of liquid crystal polymers to metallic 
substrates of the type used in the fabrication of electronic components is 
generally considered to be problematic as LCPs tend to be non-wetting 
materials. The non-wetting nature of LCPs can result in weak knit lines where 

30 melt fronts flow together and poor molecular contact with substrate materials. 
In Example 7, below, the adhesion of an LCP formulation including in 
accordance with the present invention was demonstrated. 
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Example 7 

An LCP formulation was prepared from 47.5 weight percent of the 
resin used in Example 3 t 50 weight percent of a 35 micron spherical silica 
filler equivalent to the filler used in Example 3, and 2.5 weight percent of a 
5 polysulfone adhesion promoter. The adhesion promoter was a polysulfone 
compound available from Amoco Chemical Company as Polysulfone P-1700 
NT, CAS Number 25135-51-7. The adhesion of the molded formulation to a 
copper 194 alloy was measured by preparing lap shear strength test 
specimens. The test specimens with a one inch overlap. A 15 mil thick film of 

10 the LCP formulation was placed in the overlap within a metal fixture. The 
fixture was placed in a 330 degree Centigrade compression mold, allowed to 
heat, and pressurized to cause the melted formulation to flow slightly. The 
resulting 10 mil thick bond was allowed to cool to room temperature and 
tested in an Instron/MTS model 1122 tensile machine at a crosshead speed 

15 of 0.05 inches per minute. The lap shear strength measure in this manner 
was approximately 469 psi. The 469 psi value corresponds favorably to 
current low stress epoxy mold compounds which typically exhibit a lap shear 
strength to the same copper alloy of about 400 psi. 

To demonstrate the effectiveness of LCP formulations in accordance 

20 with the present invention, an integrated circuit was molded, with wire sweep 
tested as described in Examples 8 and 9 below. 

Example 8 

A thin quad flat pack (TQFP) integrated circuit was prepared by 
molding an LCP formulation consisting of 45 weight percent of the resin used 

25 in Example 7, 50 weight percent of a 35 micron spherical silica filler 
equivalent to the filler used in Example 3, and 5 weight percent of the 
polysulfone adhesion promoter used in Example 7, around a TQFP die and 
leadframe assembly at about 300 degrees Centigrade. The TQFP wires 
connecting the die to the leadframe were 144, 100 mil long, 1.3 mil diameter 

30 gold lead wires. The molded device was examined by x-ray micrograph using 
a Nicolet NXR-300, and showed that the average wire sweep of the four 
worst wires was only about 5 percent. 

5 
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Example 9 

The experiment of Example 8 was repeated with a filler loading of 
approximately 70 weight percent. The x-ray micrograph showed severe wire 
sweep and in some cases, wire debonding from the die. 

5 Example 8 demonstrates that complex devices such as a 144 lead 

TQFP can be successfully molded using LCP encapsulants in accordance 
with the present device at filler loadings of at least 50 weight percent. While 
the TQFP failed to mold successfully at 70 weight percent filler loading, it is 
believed that packages having fewer leads and or thicker wires, such as dual 

10 in line packages (DIPs), can be successfully molded at filler loadings 
exceeding 50 weight percent. 

The moisture resistance of the TQFP molded in Example 8 was 
measured in Example 10, below. 

Example 10 

15 The 144 lead TQFP of Example 8 was preconditioned at JEDEC Level 

2 and exposed to 2 solder reflows at approximately 215 degrees Centigrade. 
Pre- and post reflow acoustic images were acquired using a Sonix scanning 
acoustic microscope. The acoustic images showed only slight evidence of 
increased delamination after solder reflow. This data suggests that at least 

20 JEDEC Level 3 and most probably JEDEC Level 2 performance was possible 
from the TQFP package. 

The physical robustness of the TQFP's of the type molded in Example 
8 is demonstrated by Example 1 1 , below. 

Example 1 1 

25 144 lead TQFP's of the type molded in Example 8 were decapped 

using nitric acid and microscopically examined at 400x magnification. The 
decapped devices showed no evidence of cracking in the passivation layer, 
no line/metalization shift, and no cracking of the wire bonds. 

While the foregoing Examples demonstrate the excellent performance 

30 of a particular embodiment of my invention, the embodiments of the invention 
can utilize different LCP resins, coupling gents and fillers can be used. Other 
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electronic moid compound additives known to those skilled in the art can also 
be included. : 

Other resins useful in the invention include most polyester liquid crystal 
polymer resins having a number average molecular weight between about 
5 1000 and 25,000 and melting points between about 230 and 500 degrees 
Centigrade. Those resins having number average molecular weights between 
about 1000 and 5000 and melting points between 250 and 350 degrees 
Centigrade are preferred. Most preferred are those resins containing three or 
more components selected from the group consisting of hydroquinone, 

10 isophthalic acid, purified terephthalic acid, parahydroxybenzoic acid, and 4, 4' 
biphenyldiol. Preferred ranges for the foregoing components are 0-40 mole 
percent hydroquinone, 0-20 mole percent purified isophthalic acid, 0-40 mole 
percent purified terephthalic acid, 40-80 mole percent parahydroxybenzoic 
acid, and 0-40 mole percent 4, 4' biphenyldiol. Most preferred is a base~ 

15 resin containing between 5 and 10 mole percent hydroquinone, 5 and 15 
mole percent purified isophthalic acid, 5 and 15 mole percent purified 
terephthalic acid, 50 and 70 mole percent parahydroxybenzoic acid, and 8 
and 18 mole percent 4, 4' biphenyldiol. 

n 

Alternatives silane coupling agents useful in the invention include any 
20 non-polar silane coupling agent. As used in this application, the term "silane 
coupling agent" refers to a silicone molecule substituted with a plurality of 
(typically 3) alkoxy groups and an additional non-alkoxy group. Where the 
non-alkoxy group contains a heteroatom-substituted group such as an amine 
or a mercapto group, or contains a functional group such as a glycydal ether 
25 group, that coupling agent is called a "polar" silane coupling agent, including 
for example 3-aminopropyltriethoxysilane and 3- 
glycidyloxypropyltrimethoxysilane, and where the non-alkoxy group is alkyl, 
alkenyl, aryl or combinations thereof, that coupling agent is called a "non- 
polar" silane coupling agent. Although the preferred coupling agent 
30 concentration is 0.5 weight percent based on filler weight, the coupling agents 
can be used in any amount that can be carried successfully by the filler, 

7 
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^typically from 0.1 to 2.0 weight percent, based on filler weight, and most 
preferably 0.25 to 0.75 weight percent. 

Fillers useful in the invention include any particulate inorganic material, 
and can be present in loadings of 10 to 80 weight percent, more preferably 

5 30 to 70 weight percent, and most preferably 40 to 60 weight percent. While 
the fillers used typically will be angular or spherical silicon dioxide, other fillers 
may be used. For example, where improved filler heat transfer is desired, 
fillers such as boron nitride, silica coated aluminum nitride, or carbon fiber 
may be used. It should be noted that the use of spherical silica fillers is 

10 preferred for use in LCP-based encapsulants according to the invention as 
the spherical shape maximizes the volume to surface area ratio of the filler 
and results in smaller increases in viscosity than result from similarly sized 
angular fillers at equivalent filler loadings. 

Additives useful in the LCP formulations of the invention include any of 

15 those known to those skilled in the art. These include, for example, silicon 
rubbers, dyes, mold release agents, pigments, antioxidants, adhesion 
promoters, flow promoters, impact modifiers and heat stabilizers. Where 
adhesion promoters such as those used in Example 7 are employed they 
may be added in an amount between about 0.05 and 10 weight percent of 

20 the formulation, with the preferred range being from 0.25 to 5 weight percent. 
Other adhesion promoters thought to be particularly useful in the invention in 
addition to polysulfone materials include poly(bisphenol-A-co- 
epichlorohydrins) having average molecular weights between about 1000 and 
70,000. 

25 Additional details of LCP resins useful in the invention can be found in 

U.S. Patent No. 5,767,223, the disclosure of which is hereby incorporated by 
reference. 

Other embodiments of my invention will be apparent to those skilled in 
the art. The scope of my invention, therefore, is intended to be limited only 
30 by the following claims. 

s 

*'■ • 

■t 

•J 5 
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I claim: 

1. A molding compound comprising a liquid crystal polymer resin 
and between 10 and 80 weight percent of a particulate inorganic filler coated 
with a non-polar silane coupling agent. 
5 2. The molding compound of Claim 1 wherein the liquid crystal 

polymer has a number average molecular weight between about 1000 and 
5000 and a melting point between about 250 and 350 degrees Centigrade. 

3. The molding compound of Claim 1 where in the liquid crystal 
polymer resin three or more components selected from the group consisting 

10 of hydroquinone, isophthalic acid, purified terephthalic acid, 
parahydroxybenzoic acid, and 4, 4' biphenyldiol. 

4. The molding compound of Claim 1 wherein the liquid crystal 
polymer comprises between 5 and 10 mole percent hydroquinone, 5 and 15 
mole percent purified isophthalic acid, 5 and 15 mole percent purified 

15 terephthalic acid, 50 and 70 mole percent parahydroxybenzoic acid, and 8 
and 1 8 mole percent 4, 4' biphenyldiol. 

5. The molding compound of Claim 1 wherein the filler is selected 
from the group consisting of spherical or angular silica filler. 

6. The molding compound of Claim 5 wherein the filler comprises 
20 between 30 and 70 weight percent of the molding compound. 

7. The molding compound of Claim 1 wherein the non-polar silane 
coupling agent is selected from the group consisting of 
trimethoxymethylsilanes and tri(2-methoxyethoxy) vinylsilane. 

8. The molding compound of Claim 1 wherein the non-polar silane 
25 coupling agent is tri(2-methoxyethoxy) vinylsilane. 

9. The molding compound of Claim 1 wherein the liquid crystal 
polymer comprises between about 7 mole percent hydroquinone, about 10 
mole percent purified isophthalic acid, about 10 mole percent purified 
terephthalic acid, about 60 mole percent parahydroxybenzoic acid, and about 

30 13 mole percent 4, 4* biphenyldiol. 
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10. The molding compound of Claim 9 wherein the filler comprises 
between 45 and 55 weight percent of the molding compound. 

11. The molding compound of Claim 4 wherein the filler comprises 
between 40 and 60 weight percent of the molding compound. 

5 12. The molding compound of Claim 11 wherein the non-polar 

silane coupling agent is selected from the group consisting of 
trimethoxymethylsilanes and tri(2-methoxyethoxy) vinylsilane. - 

13. The molding compound of Claim 12 wherein the non-polar 
silane coupling agent is tri(2-methoxyethoxy) vinylsilane. 
10 14. The molding compound of Claim 9 wherein the non-polar silane 

coupling agent is tri(2-methoxyethoxy) vinylsilane. 

15. The molding compound of Claim 9 wherein the filler comprises 
between about 40 and 60 weight percent of the molding compound. 



-i 
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